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Ion-source modeling and improved performance of the
CAMS high-intensity Cs-sputter ion source.

T. A. Brown, M. L. Roberts, and J. R. Southon

Center for Accelerator Mass Spectrometry, LLNL, P.O. Box 808, Livermore, CA 94551, U.S.A.

Abstract

The interior of the high-intensity Cs-sputter source used in routine operations at the Center

for Accelerator Mass Spectrometry (CAMS) has been computer modeled using the program

NEDLab, with the aim of improving negative ion output. Space charge effects on ion trajectories

within the source were modeled through a successive iteration process involving the calculation

of ion trajectories through Poisson-equation-determined electric fields, followed by calculation

of modified electric fields incorporating the charge distribution from the previously calculated

ion trajectories.  The program has several additional features that are useful in ion source

modeling: 1) averaging of space charge distributions over successive iterations to suppress

instabilities, 2) Child’s Law modeling of space charge limited ion emission from surfaces, and

3) emission of particular ion groups with a thermal energy distribution and at randomized angles.

The results of the modeling effort indicated that significant modification of the interior

geometry of the source would double Cs+ ion production from our spherical ionizer and produce

a significant increase in negative ion output from the source.  The results of the implementation

of the new geometry were found to be consistent with the model results.
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Introduction

The ion sources currently used at CAMS are based on a General Ionex Corporation 846 Cs

sputter ion source purchased in 1989.  Since the time of purchase, considerable effort has been

expended in initial work to make the source operational [1], and subsequently, in modifications

to improve the performance of the source to meet the high-output, high-reliability demands of

day-to-day AMS operations [2].  These efforts, which have been described by Southon and

Roberts [3], have resulted in an ion source that routinely produces negative ion currents of 200-

250 µA C-, 15-20 µA BeO-, or 0.5-1.0 µA CaF3
-, and that will operate essentially continuously at

such output levels for 2-3 weeks before needing maintenance.

In an effort to further improve the performance of our ion sources, the interior of our high-

intensity Cs-sputter source has been computer modeled using NEDLab, a grid-point mesh

program.  The model of our source was constructed on a 600-by-300 grid, and the cylindrically

symmetric electrode structures of the source were input via a PICT file derived directly from

CAD drawings used in constructing the actual ion source.  Minor adjustments were made to the

model’s electrodes based on measurements of a routinely used source.

The NEDLab program has several features that are useful in modeling high-intensity Cs-

sputter sources.  First, space-charge effects are incorporated in the calculations through an

automated ion-trajectories/Poisson-electric-fields successive-iteration process.  Second, NEDLab

allows ion emission from surfaces to be Child’s Law constrained to account for limitations on

ion emission due to the space charge of previously emitted ions in the near-surface region.

Third, the program allows the averaging of charge distributions over successive iterations to aid

in the suppression of model oscillations.  These typically arise when the presence of ions in a

particular region during one iteration causes significant modifications of the electric fields such

that the ions are not present in that region during the next iteration; but, their “non-presence” in

the second iteration causes the electric fields to revert to their previous state and the ions are

once again present in the region during the following (third) iteration.  The option to average

charge state distributions over several iterations appears to significantly reduce model sensitivity

to conditions that could cause the onset of such oscillatory behavior.  Fourth, the program allows
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the emission energy of particular ion groups from a surface to be described by a thermal energy

distribution, with individual ion energies being sampled randomly from within that energy

distribution.  And finally, NEDLab allows surface-emission ions to be emitted at a random angle

to the emitting surface.

The model encompassed the source’s ionizer/target region and contained the relevant parts

of four electrodes: 1) the spherical ionizer, 2) the ionizer shroud, 3) the sample target (cathode),

and 4) the target shield (immersion lens).  The prescribed potentials for these electrodes were set

to reflect nominal ion source operating conditions; i.e., the sample target and target shield were

set at -39kV and the spherical ionizer and ionizer shroud at -30kV.  Cs+ emission from the

ionizer surface was Child’s Law constrained, and the Cs+ ions were emitted with a thermal

energy distribution having a characteristic energy of 0.15 eV and at randomized angles to the

local surface of the ionizer.  The emission of 12C- and 12C2
- ions was limited to the normally

sputtered sample area of the target, and the carbon ions were emitted with a 15 eV thermal

energy distribution at randomized angles to the local target surface.  The 12C2
- current was set to

be 1/3 that of the 12C- ions, based on previous in-house measurements of mass 12 and mass 24

negative carbon ion production from the source.

While the Child’s Law constraint on Cs+ emission determined the intensity of emission of

these positive ions automatically, NEDLab’s Child’s Law algorithms led to computational

failures when applied to the emission of carbon ions from the sample target.  In order to estimate

the C- current that would be produced with a given geometry, several model runs were performed

for each geometry. C- emission was increased from run to run until the space charge from C-

emission was sufficient to overwhelm the potential gradient at the sample surface and C- output

oscillated under iterative cycling.

Model of Present Ion Source Geometry

The model results obtained for our present ion source geometry are shown in Figure 1.  The

modeled Cs+ trajectories (Fig. 1a) reproduce almost all observed features of the focussing of the

Cs+ ions emitted from the ionizer surface onto the sample target during normal operation of our
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present source.  In particular, the focussing of the Cs+ ions to a spot well within the 1.3 mm

diameter sample well agrees with the sputtering patterns observed on the surface of expended

targets.  In addition, the model’s pattern of poorly focussed Cs+ ions emitted from the inner

corner region of the ionizer is observed as a “sputter halo” on expended targets.  Integration of

modeled Cs+ emission over the ionizer surface provides a Cs+ current estimate of ~1.3 mA under

nominal operating conditions, which is consistent with measured currents.

(Figure 1. Here)

The modeled negative ion trajectories (Fig. 1b) are consistent with observed features during

normal operations.  The lack of beam markings in the region surrounding the central hole of used

ionizers indicates that the sputtered negative ion beams are extracted cleanly through the central

hole of the ionizer, as in the model.  Integration of modeled 12C- emission over the sample

surface provides a 12C- current estimate of ~200 µA, comparable with observed 200-250 µA 12C-

outputs.  Interestingly, the modeled carbon ion trajectories show that the C- ion beam forms a

waist about halfway between the target and the ionizer, and is diverging as it exits the source

through the central ionizer hole.  In addition, there does not appear to be a significant difference

between the 12C- and 12C2
- trajectories, suggesting that mass dependent effects during sputter-

emission do not translate into significant emittance differences between the two ion species as

they are transported out of the ion source.

Modified Ion Source Geometry Model

The model results obtained for the modified ion source geometry are shown in Fig. 2. This

geometry reflects the end-product of a series of models that investigated the impact of various

possible electrode modifications.  These “modification” models were run under the same

conditions as the model of our present source, with the following two exceptions: 1) various

modifications were made to the ionizer shroud, sample target, and target shield geometries, and

2) the target shield potential was varied.  Over the course of series, the target shield was



AMS-8 Abstract Reference Number: NT40 6

extended towards the spherical ionizer to increase the electric field near the surface of the

ionizer.  Significant alterations to the geometries of the extended target shield and the ionizer

shroud were then required to maintain focussing of the Cs+ ions on the sample target.  The target

shield was further modified through the addition of an “extraction plane” extending inward

toward the central axis of the source, parallel to the surface of the target.  In conjunction with the

“extraction plane”, the sample target was modified to remove the conical bowl surrounding the

sample well and to bring the sample surface flush with the now flat surface of the target.  The

target shield’s extraction plane was placed at an appropriate distance from the target surface to

allow a potential difference across the target/target-shield gap to introduce a significant electric

field near the sample surface.

(Figure 2. Here)

The modeled Cs+ trajectories in the modified geometry ion source (Fig. 2a) indicate that the

new ionizer shroud and target shield maintained the focussing of the emitted Cs+ ions onto the

1.3 mm diameter sample position.  However, the focussed Cs+ ions now covered the entire

sample diameter rather than the smaller diameter focus achieved in the present source model (cf.

Fig. 1a).  The Cs+ focussing in the modified model appears to be more complex than for the

present geometry model in that the ions from the outer edges of the ionizer are significantly over-

focussed and cross over the central axis before reaching the sample surface.  Comparison of the

positions of the equipotential contours in the modified and present geometry models shows that

the extension of the target shield towards the ionizer has increased the electric field increase near

the ionizer surface.  Integration of Cs+ emission over the ionizer surface provides a Cs+ current

estimate of ~2.4 mA from the ionizer in the modified geometry source, almost double the Cs+

current of the present source model.

The modeled 12C- and 12C2
- trajectories in the modified geometry source (Fig. 2b) indicate

that the sputtered negative ion beams will be extracted cleanly through the central hole of the

ionizer.  Integration of modeled 12C- emission over the sample surface provides a 12C- current
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estimate of ~400 µA, double the 12C- current of the present geometry model.  In the modified

geometry model the carbon ion trajectories do not appear to form a waist between the target

shield and ionizer, and appear to be diverging significantly less when passing through the central

ionizer hole (cf., Fig. 1b). The calculated emittance of the 12C- ion beam from the modified

geometry model is 25% smaller than that of the present geometry model.  As for the present

geometry model, the 12C- and 12C2
- ion beam emittances do not appear to differ significantly.

Initial Test Results

Based on the results obtained from the modified geometry model, new versions of the target

shield and ionizer shroud were designed and machined from stainless steel.  An electrically-

insulating alumina support for the modified target shield was constructed, and an extra power

supply and associated controls were installed, to allow the target shield potential to differ from

that of the target.

Initial tests of the modified ion source geometry were conducted using graphitized Oxalic

Acid Standard (OX1) samples that are routinely used in our natural 14C AMS measurements.

These samples were mounted in targets that had been modified to remove the conical-bowl/deep-

well configuration of our routine targets with the modified flat-top/flush-mount target

configuration of the modified geometry model.

During the initial stages of our tests, while we were optimizing operational conditions, 12C-

output levels ≥390 µA were observed from several samples.  After establishing operational

conditions, a series of samples were measured using our routine natural 14C AMS measurement

scheme.  All of these OX1 samples produced 13C4+ currents corresponding to ≥360 µA 12C-

currents and 14C count rates were consistently around 1.3 kHz, allowing 1% counting statistics

measurements to be made in about 8 s.  As is the case during our routine natural 14C AMS

measurements, the 14C/13C ratios obtained using the modified geometry source did not show

significant drift over the course of repeated measurements of individual samples (during which

the samples were sputtered away and the ion currents eventually dropped to less than 5% of their

initial ≥360 µA values).
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Conclusions

The grid-point mesh program NEDLab has been used to model the interior of the high-

intensity Cs-sputter source used in routine operations at CAMS.  Comparison of results from a

model based on the present electrode geometry to the observed performance of the source

showed that the Cs+ and C- ion trajectories within the modeled source, and the model’s estimates

of the Cs+ and 12C- ion currents, were consistent with observed source performance.

Subsequent modeling investigations led to the development of a modified electrode

geometry for the interior of our high-intensity Cs-sputter source.  The geometries of the ionizer

shroud, target shield, and target were modified to increase the electric fields near the spherical

ionizer surface and the sample surface.  These modifications resulted in a model-predicted factor

of two increase in Cs+ emission from the ionizer, and a doubling of the C- ion current produced

by the ion source.

Initial tests of a developmental prototype version of the modified ion source geometry

demonstrated stable operation of this geometry in the ion source, and the test results were

consistent with the predictions of the modified geometry model.  12C- current production with this

modified geometry reached ≥390 µA for several samples, and the observed Cs+ sputtering pattern

on the surface of test targets was consistent with the predicted Cs+ focussing.  The 14C/13C data

obtained during these tests showed no evidence of isotope ratio drift due to changes in sample

surface geometry caused by Cs+ sputtering during the measurement of the samples.  The results

obtained in these initial tests demonstrated the utility of NEDLab-based modeling in the

development and execution of modifications to high-intensity Cs sputter ion sources, and have

provided the basis for further study of performance enhancing modifications to our ion sources.
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Figure Captions

Figure 1. NEDLab model results obtained for the present ion source electrode geometry. The

central axis of the cylindrically symmetric ion source lies along the top edge of the model.  The

electrodes of the source model (matt grey) are labeled and their nominal operating potentials are

indicated.  Equipotential contours between the electrodes (black lines) are drawn at 225 V

intervals.  (a) Trajectories of Cs+ ions emitted from the spherical ionizer surface and focused on

the target by the potential gradients within the source.  Different shades of grey have been used

for the Cs+ ions emitted from three areas of the ionizer surface to clarify the trajectories followed

by particular Cs+ ions.  (b) Trajectories of C- sputter-emitted from the bottom of the sample well

in the target and transported out of the source through the central hole of the ionizer.  The

trajectories of 12C- and 12C2
- ions are displayed, but are essentially identical and cannot be

differentiated in the figure.

Figure 2.  NEDLab model results obtained for the modified ion source electrode geometry. The

central axis of the cylindrically symmetric ion source lies along the top edge of the model.  The

electrodes of the source model (matt grey) are labeled and their nominal operating potentials are

indicated.  The “extraction plane” of the modified target shield discussed in the text is shown as

the vertical extension toward the central axis of the source lying just in front of the target surface.

Equipotential contours between the electrodes (black lines) are drawn at 225 V intervals.  (a)

Trajectories of Cs+ ions emitted from the spherical ionizer surface and focused on the target by

the potential gradients within the source.  Different shades of grey have been used for the Cs+

ions emitted from three areas of the ionizer surface to clarify the trajectories followed by

particular Cs+ ions.  (b) Trajectories of C- sputter-emitted from the sample position on the target

surface and transported out of the source through the central hole of the ionizer.  The trajectories

of 12C- and 12C2
- ions are displayed, but are essentially identical and cannot be differentiated in the

figure.










